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TRAFFIC CONTROL AND SAFETY 


A REVIEW OF EXISTING METHODS AND DEVICES FOR PROMOTING HIGHWAY SAFETY 


By E. W. JAMES, Chief, Division of Design, U. S. Bureau of Public Roads 


HE construction, maintenance, and administra- 
WW tion of public highways has become the largest 
element in the program of public works in the 
United States. A density of traffic represented by a 
registration of fifteen and a quarter million motor 
vehicles in the United States presents a new administra- 
tive problem. ‘The annual increase in traffic accidents 
with growing fatality to life and increasing loss and 
damage to property emphasizes the immediate and 
imperative need of effective steps toward traffic control 
and greater consequent safety to users of the road. 
The rapid production of additional improved mileage, 
the closing of open links, the betterment of bad sec- 
tions and the resultant extension of long, unbroken 
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This article will outline briefly the several aspects of 
the problem and indicate in general terms the advance 
so far made in the direction of traffic control and safety. 

There are four fundamental considerations. First, 
there is the independent safety of the individual 
driver; then the common safety of passing drivers. 
Next is the question of safety for pedestrians, and 
finally there must be due consideration of the economic 
maintenance, care, and preservation of the road 
itself. No solution of the matter will be complete 
that fails to give fair consideration to any of these 
phases of the problem. The lines between them are 
not sharply drawn. Details of design and regulations 
accomplishing a satisfactory end from the point of 
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Signs giving the most important highway regulations are erected on all of the main roads entering Connecticut 


routes of good roads, with the accompanying In- 
evitable growth of long distance travel and touring by 
automobile, will certainly cause a corresponding in- 
crease in the danger attending highway travel. 
Although the problem is comparatively new it has 
already received considerable attention. Many, if 
not all, of the States have enacted laws relating to 
traffic control in one form or another and _ several 
highway departments have developed a systematic prac- 
tice for increasing the safety of phot highways. Some 
States, as for instance Maryland, Connecticut, and 
Pennsylvania, have made systematic surveys of 
traffic conditions and have altered their practice in 
design according to the indications of such data. 
The American Association of State Highway Officials 
have a special committee now at work studying the 
whole subject, and the Bureau of Public Roads has 


gathered considerable data relating to safety devices, 


traffic control, and details of design calculated to 
increase safety on the highways. 
3781—24—1 


view of the individual driver may offer at once an 
equally effective solution of the problems raised by 
passing traflic, and may serve also to protect the 
pedestrian. Control of traffic on behalf of the road 
surface will likewise promote the general safety of 
traffic by reducing speeds, widths, weights of vehicles 
and by restricting and regulating other elements 
likely to affect it unfavorably. 


BASIC PRINCIPLES OF HIGHWAY SAFETY 


Recognizing these four considerations as the ends 
to be attained, the difficulties of the problem present 
themselves in matters of detail, expediency and 
yracticability rather than in the establishment of 
fundamentals. The basic principles are easily defined 
and generally accepted. Reduced to the simplest 
terms they may be stated as follows: 

1. The development of safe roads by elimination of 
all known dangers in so far as such elimination is possi- 
ble within physical and economic limitations. 


Warning of uneliminated dangers by means of 
es recognized signs and ‘other devices of standard- 
ized es m, uniformly placed with respect to the danger. 
3. The dev elopment of safe vehicles by perfection of 
running parts and adoption of safety devices. 

4, Diligence and care in the licensing of drivers of 
motor vehicles to eliminaté the incompetent, careless 
and irresponsible driver. 

5. The development of simple, uniform, and effectual 
traffic regulations and the education of the whole public 
to a complete acquaintance with them. 
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Sign erected by Maryland State Roads Commission at top of a long, steep grade. 


6. The rigid enforcement of traffic regulations. 

There is little doubt that a solution of the problem 
worked out on the basis of these general principles 
would have the effect of reducing the dangers of the 
open road to a minimum. It is the means of applying 
them practically and to the best advantage and espe- 
cially the harmonizing of action by the 48 States that 
remains to be worked out. 
applied in several of the States adequate solu- 
tions of some details of the problem, which if adopted 
generally would go far toward meeting the situation 
satisfactorily. One State has danger signs which are 
difficult. to improve upon: Another has a scheme: of 
road surface markings of decided merit. Our cities 
have developed by trial and experience excellent rules 
of the road. Some States and many cities require 
evidence of competence before licensing drivers. 
What needs to be done first, and what is already being 
done by the Committee on Traffic Control and Safety 
of the American Association of State Highway Officials 
which is working on the‘problem, is to review carefully 
the practices current’ in the several States. By so 
doing it should require, but comparatively little effort 
and “adjustment to secure the adoption of uniform 
measures by all States, which will take us far toward the 
desired solution of the highway safety problem. 


INVESTIGATION OF CAUSES OF ACCIDENTS AN IMPORTANT 


PRELIMINARY STEP 

As a preliminary step it is important that a careful 
study be made of the’causes of accidents occurring on 
the highways. Studies of this sort have already been 
made in several States, and have proved invaluable as 


Already there have been 


a guide to State officials by indicating the relative 
danger of various practices and conditions requiring 
correction. Such a record kept by C. H. Purcell, 
District Engineer, United States Bureau of Public 
Roads, in Oregon. and Washington, rates the various 
causes of accidents occurring in those States during 
December, 1923, as follows: 
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Nature of accident: 
Collision between two motor cars___......____......---..- a 
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Undetermined 
Causes: 

Faulty operation by driver— ’ 
Incompetence and inexperience... _-__.__-...-___._---- 
Operation by intoxicated persons. .._...___._.......---- 
EIRXCOSSive SPGQ6U Sc a.2. dws ie ae ee eee ee a eee : 
Recklessness and carelessness___.____.______. en 51. 
Violation of trafie rules... 2... of lee rete 

Faults of other than drivers— 

Pedestrian fails to give right of way. __. 
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1 Undetermined. 


This record may not be in — 
the best form to adapt it to 
comparison with other simi-— 
lar records which have been 
made in otherStates,notably 
in Maryland and Connecti- - 
cut, but it appears to check 
those records in some in- 
teresting details. It would 
be an easy and simple mat- 
ter to secure . analy ses of 
accidents in some cngRor 
way wherever such analyses 
are attempted; and such rec- 
ords from widely separated 
sections of the country, by 
their agreement as to the rel- 
ative hazards of the various 
causes of accidents, would 
point clearly to the corrective 
measures most urgently re- 
quired and indicate the fields 
in which the work of stand- 
ardization will be most effec- 
tive in reducing dangers. 















A roadside mound taking the place 
of a guard rail on a Massachusetts 
road 


AVOIDANCE OF DANGEROUS ROAD CONDITIONS REQUIRES CONSTANT 
WATCHFULNESS 


Much remains to be done in developing practice m 
design and construction of highways that will reduce 
the danger of traveling the open road. In this respect, 
as in others, the sources of danger are comparativel 
well known. What is needed is constant watchful- 





ness to prevent the perpetuation of dangerous con- 
ditions, an aggressive policy of safety promotion, and 
public support for the expenditures required, which, 
in some cases are quite heavy. 

Few persons, asked to catalogue the principal 
dangers of the road, would fail to include those in the 
following list: 


Blind curves and road inter- Steep grades 


sections Narrow road surfaces 

& | 

Sharp curves on embank-_ Low or rough shoulders 
ments Steep crowns 


Sharp curves at bridge and 
underpass approaches 

Grade crossings 

Unsuperelevated curves 


‘Unprotected embankments 
Narrow bridges 

Sharp convex vertical curves 
Slippery road surfaces. 
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rapidly increasing traffic has forced the State to 
reconstruct a large number of curves on their earlier- 
built roads to make them safe. This practice has 
prevailed also for many years in Massachusetts. 


18 FEET THE MINIMUM SAFE TWO-WAY WIDTH 


Massachusetts formerly built a 14-foot macadam as 
its standard design. Maryland now frequently uses a 
15-foot cross section even on new work. But in general, 
the opinion of engineers is crystallizing on 18 feet as 
the minimum safe two-way road surface, and in many 
cases a 20-foot standard section is being used on the 
principal routes. Safety against being forced to the 
shoulders depends first on ample width of surface and 





Maryland’s accident map has been useful in discovering the places on her State road system in need of betterment to relieve danger. Note the clustering of pins 
in mountainous western Maryland 


These, then, are some of the defects which should be 
avoided, so far as practicable, in future construction. 
A most important detail is that of providing adequate 
width for traffic and controlling the width of vehicles, 
because a hazard exists to passing drivers in having 
to leave the road surface on account of the inconsider- 
ate or incautious driving of the other man. This 
danger is not confined to curves but is as great perhaps 
on tangents if we are to believe the evidence of the 
Maryland and Connecticut records. Against this, 
danger we can employ correctives in design and many 
States are doing so, especially on curves. The widen- 
ing and superelevation of curves is now becoming 
very common and is standard practice on all new work 
in many States. There exists considerable variety in 
the assumptions and details of design, but the defects 
are essentially alike in all cases. In Maryland the 


on restriction of the width of vehicles. This latter 
must be a matter of traffic law and regulation, and the 
prevailing gauge of vehicles now used for generations 
indicates reasonable requirements to be enforced with- 
out great difficulty. 

There always exists some danger of accident to pas- 
sing vehicles because of loss of control by one or the 
other driver. Sometimes this is “psychological,” 
due to nervousness or inexperience, fiebility to gauge 
correctly the clearance of the vehicle or the state of 
mind of the other fellow. This hazard is reduced by 
widening the road surface, and may always be further 
reduced by the control of speed and the reduction of 
gradients. ‘Speeding has no excuse”’ is a maxim that 
should be impressed on every driver. ‘The world lived 
and progressed when limited to a speed of about 4 
miles on the open road, and 18 or 24 miles give ample 
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multiple over the old way. Speeds in excess of 25 
miles per hour are always likely to be dangerous 
because of the unforeseen. 

On excessive gradients some States now warn the 
unsuspecting driver to attempt the down grade only 
in second gear. This indicates the element of compe- 
tence and experience, of good judgment and care that 
must in the last analysis be depended upon in the 
critical case. The determination of the minus per cent 
of gradient requiring use of second gear in the average 
car, if it is to be a safe grade to travel, should be made, 
and a standard warning sign adopted. 

In safe design we must arias then, adequate 
original width of surface, control of width of vehicle, 
flattening and strengthening of shoulders, the use of 
cuard-rail and other protective structures where high 
fills require them, the superelevation of curves and the 
lengthening of convex vertical curves, the securing of 
sufficient line of sight, the proper adjustment of profile 
and alignment to avoid dangerous combinations of 
eradient and curvature, and the proper type of surface. 





Maryland’s way of lessening danger at narrow bridges. 


FEDERAL AID FOR ROADS A HARMONIZING FORCE 


The Bureau of Public Roads has done much through. 


its approval of designs for all Federal-aid roads t0 
harmonize and develop good practice with respect t0 
all the details mentioned. It has neither authority not 
disposition to force matters, but it has waged an 
assiduous campaign of education and given the strong- 
est possible support to all the State highway depart- 
ments in securing all kinds of betterments in design. 
In States where the legal highway is along the section 
line, the flattening of curves has become common 
where it was unusual, grades are being reduced, guard 
rail included in designs, bridges widened and strength- 
ened, and railroad grade crossings eliminated. In the 
enormously expensive and important item of grade 
crossing elimination alone there has been remarkable 
advance. No less than 25 per cent of all crossings so 
far encountered in the Federal-aid system have been 
eliminated by relocation or separation of grades in the 
premises. At present no standards of curvature or 
eradient are prescribed, because conditions are of such 
ereat variety throughout the country; but tentative 
policies have gradually hardened into more or less fixed 
practice that is generally followed. Some States, as for 
instance North Carolina, have adopted a maximum 
eradient of 6 per cent or lower, in line with the most 
advanced advocates of grade reduction. Other States, 
having a very irregular topography and advanced de- 
velopment, have not been so successful. 


It is easily foreseen that there will be necessary in 
future years much betterment and replacement on 
highways already well located and improved. ‘The 
banking and widening of curves, the reconstruction of 
low-capacity, narrow bridges, the flattening of shoulders 
and widening of fills, and the extension of the line of 
sight at curves will have to be done at considerable 
cost, because in the original design features were re- 
tained which are causes of accidents. 

An excellent device which serves to draw attention 
to these danger spots in existing roads is an accident 
map such as that used by the Maryland State Roads 
Commission and others forseveral years. Adding a pin 
to such a map of the road system at the location of each 
accident as it occurs, and distinguishing between the 
causes of accidents by means of vari-colored pin heads 
serves to attract attention to the more dentoernte 
places on the roads by the inevitable clustering of the 
pins. By carefully watching the map the Maryland 
Commission has been able to correct many dangerous 
conditions, and the beneficial results show up imme- 
diately in the subsequent map record. 


In some instances the danger revealed by the map 


can only be dealt with by reconstruction or betterment 
of the road; in others the placing of a danger sign is the 
only practicable remedy at the time, and often does 
much to relieve the danger. Examples of such solu- 
tions in Maryland are shown in the illustration of the 
mountain grade warning sign on page 2 and the one- 
way bridge sign placed at the approach to a narrow 
bridge which, for the time being, it is impracticable to 
replace, as shown on this page. 


UNIFORMITY IN DANGER SIGNS LARGELY A PROBLEM OF SELECTION 


It is, of course, impossible to build a highway which 
will be absolutely free of danger to its users. Curves 
and road intersections, grades, and embankments must 
remain in the best of roads, and each is potentially 
dangerous. All that can be done, then, is to give the 
traveler due warning of the danger. Signs, either 
diagrammatic or worded, are commonly used for this 
purpose, and in some States these have reached an 
entirely practical and useful stage of development. For 
instance, the series of danger signs adopted by the State 
of Idaho is especially effective. They are uniform in 
design, simple, bold, and striking. In contrast with 
these are those which rely too much on wording and 
require too much attention on the part of the passing 
driver. Washington, New Jersey, Ohio, and Tennessee 
have already adopted schemes essentially like that of 
Idaho and the possibilities of standardization are 
many, some of them obvious. Drivers in different 
States will recognize the signs as having identical mean- 
ing, the effect of repetition will educate, the use of the 


sign will become more general, the cost of manufacture 


will be reduced, the method of installing can be made 
more uniform than is now possible, and this in turn will 
expedite and cheapen the installation. The develop- 
ment of a complete series of danger signs and their 
general adoption and use is a problem in the safety of 
our highways. 

Another method of reducing hazard at curves is by 
use of markings on the road surface to direct the path 
of traffic. The commonest mark is the “center line” 
in white or black. The latter, first adopted, is now 
generally giving away to white, which has much greater 
visibility under prevailing conditions. The system of 
trafic markings has been most completely developed 
probably in Massachusetts, but is also used generously 
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In Massachusetts signs painted on the surface of the roadway give warning of curves and intersecting highways 
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Standard danger signs adopted by the Idaho Department of Public Works 


in Pennsylvania, Maryland, Delaware, New York, 
Illinois, and other States. This system is effectually 
confined to “‘black top’? pavements, concrete, and 
other hard surfaces. In bens experiments 
have been made in constructing a white center line 
integral with a concrete pavement. This is expected 
to save the cost of maintaining such markers and also 
to make it possible to extend their use widely—to tan- 
gents as ell as to curves. 

The diagrams on pages 5 and 6 of the location of signs 
and surface markers show the relative position of these 
with respect to curves and intersections. These are 
taken from Massachusetts and Kansas practice. 
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glance the nature of the hazard, he is prepared to meet 
it with due caution. Another element in promoting 
the safe use of the highways is indicated in the develop- 
ment and extension of these surface markings; and in 
this connection attention should be called to the great 
educational effect that is already produced by the 
common use of such markings on city streets. Drivers 
are learning to observe them. 

Although accident records consistently indicate a 
relatively low percentage of wrecks due to faulty equip- 
ment, consideration should be given to certain details 
of motor-car design that are now largely responsible for 
the worst accidents and severest injuries occurring on 
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Plan for the placing of warning signs at grade crossings and dangerous curves used by the Kansas Highway Commission 


CENTER LINES EFFECTIVE 


The strongest effect produced by the center line at 
horizontal and vertical curves is its mental impres- 
sion on the driver. Everyone knows that if a collision 
occurs, the blame rests on the one who is off-side. 
The center lines on blind vertical curves, and on curves 
in alignment of low visibility are powerful correctives 
of recklessness; they impress the Bsceranae of rules of 
the road, and obviously by so doing promote safety. 

Surface markings are used to indicate highway inter- 
sections and railroad grade crossings as well as curves. 
The driver watching the road sees these as quickly and 
certainly, or perhaps more certainly than he does signs 
at eye level alongside of the road, and as the markings 
devised in Massachusetts, for instance, explain at a 


account of defects in equipment. Probably the most 
conspicuous of the faulty details is the presence and use 
of glaring headlights and spot lights. This is a matter 
that is susceptible to correction by regulation, and it 
may be possible to apply the regulation at the source 
and actually prevent the manufacture and sale of those 
types of lamps that are most dangerous, as well as to 
prevent their use on vehicles. 


WHAT OF FOUR-WHEEL BRAKES? 


Next to glaring lights it is probable that defective 
brakes are the most frequent causes of collision attrib- 
utable to equipment. This emphasizes a fact that is 
noted in connection with a large.percentage of accidents 
involving mechanical devices. The very means of 
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safety to which we trust ourselves fail to act. The 
lesson is one for the car owner and no amount of 
regulation or inspection is practicable that would effect 
a remedy in this case. The man who undertakes to 
operate a power vehicle on the public highway at 
speeds approaching or exceeding those of many railroad 
trains, but without the safe guidance of a track, must 
depend to so large an extent on the effectiveness of his 
brakes that he should assume the responsibility of this 
detail at least. And if he fails to assume it and has a 
collision in consequence he should be held accountable 
beyond question. Faulty brakes should never be 
accepted as an excuse for anything. 

The attempt of manufacturers to increase the secur- 
ity of braking devices by adding them to the front 
wheels may reduce the chances of accident by doubling 
the brakes available, or it may increase accidents by 
instilling a too great confidence in brakes. However, 
the introduction of the four-wheel brakes serves to 
indicate that the question of providing greater security 
of equipment is receiving consideration by those con- 
cerned in its manufacture. | 

The introduction of balloon tires also has its effect 
on the ease with which a car is steered and on the trac- 
tive effort exerted on the road surface. These tires 
doubtless do less damage to road surfaces than harder 
pneumatics or solid tires, but they may somewhat in- 
crease the stiffness of the steering mechanism. 

The use of nonsplintering glass, automatic stop 
lights, reflecting mirrors, cowl and fender lights indicate 
some of the lesser details that aid in the reduction of 
accident or injury. 

Other features of design, affecting more particularly 
the heavier and larger motor equipment, must be con- 


~ trolled in the interest of general safety. The width of 


truck body or of load must be kept down to a safe 
dimension and should not be greater than that cus- 
tomary for a standard guage vehicle with ordinary ex- 
tensions such as wheel guards or fenders. <A vehicle so 
wide that it converts a two-way road for a moment in 
passing into a one-way road so that traffic in the 
opposite direction is forced to the shoulder is never any- 
thing but a hazard, and what is more it represents 
license, not liberty, in the use of the public highway. 

Consideration of the safety of the traffic will not 
produce a sufficient solution of traffic perils. There is 
the road itself to be considered. The relegation of a 
once substantial and serviceable method of road build- 
ing to the discard of old practice was the direct result of 
two items—speed and tractive resistance. Jtoad sur- 
faces are still the victim of speed and to some extent of 
tractive resistance. | 

The control of weights is essential to the economic 
upkeep and reasonable life of the road itself and should 
be exercised through adequate regulations. 

The idea exists still that the hghway is an 18-foot 
track upon which any vehicle may be run that can be 
got upon the surface. Not so long ago the writer 
heard a high official of a prominent manufacturing 
company declare that the sound and economic proced- 
ure is to build the most economic truck or car possible, 
design it of such width, height, weight, and speed as 
is mechanically soundest and leave it to the highway 
administration to produce the modern highway re- 
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quired as a track for such an ideal vehicle. This way 
hes highway suicide. The publ will pay the bill and 
no second mile of such highway would ever be built. 
if a full discussion of the first mile were made public. 

Safety of the road itself depends upon control of 
speed, of load per unit of bearing area, of width and 
height of body, of type of vehicle and of tire. The 
State of New Jersey has a traffic-control law considered 
as a model. It probably represents the maximum 

ermissible requirements in most of its details and 
future developments will be toward lower require- 
ments. Studies of actual traffic indicate this. 


NO SOLUTION EFFECTIVE WITHOUT COMPETENT DRIVERS 


The safety of the highways will not, however, be 
entirely secure until there is a standard of competence 
fixed as a prerequisite to driving. The wild driver is 
still at large on our highway and no details of design 
will save him from accidents. He may be a simple 
speed maniac or he may be a hopelessly erratic driver. 
He must be left to the tender mercies of the law, which 
should be executed not in consideration of him, but 
solely in consideration of the other fellow. 

It was formerly believed that accidents prevailed 
at curves, either of grade or alignment, but there is 
considerable evidence from data compiled in Maryland 
that greater dangers of colliding exist, as cars are now 
driven, on the long, straight sections where the drivers 
‘step on it”? to the point of recklessness. However, 
such results are to be overcome only by the education 
of the man, not by alterations in design. The fact 
remains that curves and highway intersections are 
points of potential danger and become more than 
usually safe only because a driver is impressed with 
the exisiting hazard and avoids it. 

It becomes at once important therefore that drivers 
be impressed with their responsibility to the general 
pubhe to the point, first, of being allowed to drive only 
when proficient, and in the second place of driving 
strictly in accordance with the law; the rules of the 
road, and common courtesy. The pedestrian at least 
is interested to a certain degree in the last. 

His rights are being infringed to a certain extent on 
all our highways, not so much by reason of his being ex- 
cluded from the road, but because he can not use the 
road without exposing himself to hazards more or less 
serious. The rule of the sea in respect to sailing ships 
is an old and tried one, safe, and sane, and reasonable. 
The steamer shifts her course to protect the sailing ves- 
sel. The vehicle of greater power and speed yields to 
the weaker and slower. So the automobile should 
yield to the pedestrian when their paths intersect. To 
avoid annoying and frequent intersections they both 
should observe common-sense rules, and the pedestrian 
should do this no less than the driver. Our highway 
designs should include a shoulder amply wide to be used 
as a pathway, and so constructed as to be a serviceable 
path, firm, hard, and even. Pedestrians should walk 
on the left-hand side of the road and carry a lantern at 
night. These are details that must generally be de- 
veloped by educational means. Regulation will do 
something to secure results, but fundamentally it is re- 
solved into a matter of personal care and custom of the 


pedestrian. 


EXAMINATIONS AND INSURANCE AS PROTECTION AGAINST 
IRRESPONSIBLE DRIVERS 

Some form of examination of prospective drivers 1s 
required in a number of States. In some it is little 
more than a form. Certainly it should be searching in 
character, and carefully given. Many States require 
a permit to drive, but set no standard of proficiency 
and give no examination. Generally a minimum age: 
below which a permit may not be received is fixed by 
the law. Certain advances can well be made in efforts 
to raise the standard of driving. 
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Every man on his own side. The Pan American Highway Commission on tour in 
North Carolina honors the white line 


The examination system should be extended. The 
question of compulsory insurance has been advanced in 
at least one State, and if preperly controlled is no doubt 
sound. It at least will protect the victim of accident 
from loss or damage caused by the reckless and irre- 
sponsible driver. It may also stiffen the examination 
system by coupling with it certain policy requirements 
of the insurance companies as to proficiency of drivers. 

Certain penalties have also been considered that at- 
tempt “to make the punishment fit the crime” of 
violating the ethics of good driving. One is to deny 
to the driver the privilege of driving by revoking his 
license. In some cities and States this 1s now possible 
under the law. The law is not enforced as often as it 
should be, possibly because it is a punishment so en- 
tirely fitting that 1t seems to be too severe. 

The safety of a single vehicle can be secured with 
comparative ease, economy, and some slight display of 
common sense by the driver. The matter is largely in 
his own hands. When the safety of passing vehicles 
is In question, however, there enter a number of new 
and important details, sometimes difficult of adequate 
solution. The much overworked word ‘ pyscholovy” 
may be invoked because the simultaneous use of the 
highway by many drivers requires that each one shall 
have at least some assurance, some more or less definite 
idea of what each of the other is going to do in any 
ordinary situation arismg. The simplest illustration 
of the requirement is the knowledge each driver has 
that one meeting him will turn to the right and pass on 
his left side. One of the important features of safety 
involves the extension of these simple practices to as 
many general conditions as possible. 

To accomplish this result the education of the driver 
is necessary, and his observance of the instruction must 
be secured. Several States have devised simple schemes 
for impressing those in charge of motor vehicles with 


the elements of safe driving. Much has been written, 
there are certain “rules of the road,” and safety will, 
in general, be promoted in proportion as these become 
developed, understood, and observed. 


PRINCIPLES OF TRAFFIC REGULATIONS 


Generally these are incorporated into ordinances 
called traffic regulations, and a great deal of study has 
been given to the proper methods of dealing with the 
peculiar problems ae Traffic regulations should 
be devised to expedite the safe movement of traffic. 
As such they should cover in general the course of the 
vehicle on the road, its position when at rest, its speed, 
condition, control, and method of operation as affecting 
other vehicles. The rules should be simple and sus- 
ceptible of rigid enforcement. 

Obviously the advantage in traffic regulations is 
ereatly increased by uniformity. The excellence of a 
regulation is increased by its uniform application else- 
where, because traffic is no longer only local in origin. 
The foreign car, so called, is common on most of our 
roads. They will become more so as road mp 
ment is extended, and the use of identical regulations 
everywhere, on the rural road as well as in the city 
street, will make the highway safer. To this end the 
wider use of the same traflic and driving signals and 
the same signs as are now commonly used in cities 
should be effected so far as practicable. 

Where marked differences now exist it is a good idea 
to see that the motorist coming from another State is 
informed of the salient features of the law and regula- 
tions by the use of a large, conspicuous sign at the 
State line, in which is set out clearly and briefly the 
important points of interest to the driver. Such signs 
are used by some States and a typical case is shown in 
the Connecticut sign on page 1. 
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Pennsylvania's cable guard rail is an effective safeguard 
LAW ENFORCEMENT DIFFICULT BUT IMPERATIVE 


It is clear that much can be accomplished by regula- 
tion and the driving habits formed by the enforcement 
of the rules in cities. The success of the regulation hes 
to a great extent in the way the law is enforced. In 
general, it is the common opinion that there is too 
much laxity. Recently there have been made again a 
number of suggestions, not new, but revised, for severe 
penalties. They are made almost annually or when- 
ever a new sheaf of statistics of highway accidents 1s 
published. The principal suggestions are jail sentences 





instead of fines, revocation of licenses, and impounding 
of the vehicle fora limited period. The National Auto- 
mobile Chamber of Commerce has reeently advocated 
impounding the car of the reckless driver. — 

The matter of strict enforcement of traffic laws is as 
difheult as it is imperative. The need of additional 
traffic police in cities has been apparent as traffic has 
increased until to-day the trafhic squad is a large 
element in the personnel of the police department. 
To police the open highway in the same way is im- 
practicable and unnecessary; but some form of more 
or less ubiquitous policing is essential and the creation 
of county and State police organizations seems to 
present a solution. Some States have already de- 
veloped extremely efficient rural police corps. Massa- 
chusetts presents a conspicuous example of such a body 
of trained men. Maine, New York, Pennsylvania, and 
Maryland have rural or lighway police and some 
States have county police. These men are provided 


with motor transportation and the rapidity with which 
they can patrol the roads, and the fact that they may 
appear anywhere at any time, gives them an efficiency 
and influence which is large in proportion to their 
number. | | 
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The law of North Carolina requires all vehicles to come to a complete stop at rail- 
road crossings. ‘The law is difficult to enforce and of questionable value 


DIRECTION SIGNS AS AN ELEMENT IN SAFETY 


A first aspect of the whole matter, and one that 1s 
possible of ready solution, is the protection of the 
traveling public against Joss of direction and location, 
In cities this is effected by the common use of street 
names and signs. It should be systematized and ex- 
tended to the entire highway system in such a way 
as to create a corresponding degree of certainty against 
the hazard of losing one’s way. The long distance 
traveler is becoming more and more common and 
strangers to a locality should be able to count upon an 
intelligent system of directional signs, route markers, 
and other devices for indicating the direct and custom- 
ary routes of the improved system of roads. ‘This 
detail in the scheme of making the highways service- 
able as well as safe has been highly developed in some 
States. Wisconsin has so carefully and fully marked 
the State road system that it has used the slogan, 
“Tt is harder to lose your way on Wisconsin highways 
than it is to find your way in some States.” It should 
be made difficult to lose one’s way anywhere on the 
entire national system of roads. To this end many 
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States have already adopted distinctive markers which 
are now well known in many instances. In general 
these markers are most suc- 
cessful where they approxi- 
mate the type usedin Minne- 
sota, Whose star carrying the 
State route number is so gen- 
crously scattered over the 
State. The keystone of sm 
Pennsylvania, the State out- 

hnes of South Dakota, Lowa, ra 
and Illinois, and the Indian 
head of North Dakota are 
samples of successfulmarkers. 
Each of these is so designed 
that thesignisapproximately 
15 by L5inchesand each bears 
conspicuously the State route 
number. In all eases the de- 
sign selected should be simp'e 
and should carry conspicu- 
ously the particular designa- 
tion, usually a number. 

In this connection it may be noted that a system 
of numbering, properly devised and developed, offers 
one of the simplest and easiest schemes to apply to 
the designation of the large mileage and more or less 
complicated layout of a State-wide or nation-wide 
system of roads. So far only shght effort has been 
made to correlate the numbering in adjacent States 
and a large field for careful adjustment here presents 
itself. Minnesota and Iowa have cael, num- 
bered routes and a few other States have aimed at a 
vimilar arrangement, but no concerted attempt has 
yet been made by all States. 
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The Michigan route marker 


UNIFORM NUMBERING SYSTEM UNDER CONSIDERATION 


Such a plan is now being studied, however, by the 
Bureau of Public Roads and the Committee on Traffic 
Control and Safety of the American Association of 
State Highway Officials and it is hoped that a practica- 
ble arrangement will be worked out for presentation to 
the association at its next annual meeting in November. 
The plan under consideration is to adopt as numbers 
for the Federal-aid highway system, which is correlated 





Whitewashed telephone poles, trees, and culvert headwalls to mark the road for 
night driving in Maryland 


and connected throughout the entire country, all one 
and two digit numbers. This will give 50 odd and 49 
even numbers and provide for 99 through routes. The 
odd numbers would be given to connecting and con- 


(Continued on page 19) 
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PRACTICAL FIELD TESTS FOR SUBGRAIDE, S@ics 


SUGGESTED METHODS FOR MEASURING THE CHARACTER OF HIGHWAY SUBGRADES 


By A. C. ROSE, Associate Highway Engineer, U. S. Bureau of Public Roads 


HE character and condition of the subgrade, the 
kind and volume of the traffic, and the climatic 
conditions seem to be the three major factors 

which limit the life or usefulness of a road surface. 
The climatic conditions can be exactly determined from 
the records of the United States Weather Bureau. It 
is believed that an investigation of the trend and possi- 
bilities of economic development of a region together 
with traffic surveys should give a reasonably close esti- 
mate of the kind and volume of traffic. This article 
suggests a means of evaluating the third variable in the 
problem by outhning a method for measuring the char- 
acter and condition of the subgrade. 

It seems evident that it should be possible to pre- 
scribe the kind and dimensions of a road surface ane 
the three factors outlined above have been evaluated 
for any given case and after existing satisfactory road 
surfaces (preferably local) have been observed. AlI- 
though the increasing traffic is rapidly forcing a change 
in the design of road surfaces, it is believed that a sur- 
vey of existing surfaces would mark a step forward in 
highway transport. 
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Fic. 1——Comparison of field test for moisture equivalent with standard laboratory tests by the United States Bureau of Soils 


and Oregon Agricultural College 


The methods herein outlined were evolved during a 
field study of road surfaces in the Pacific Northwest 
with a view to finding out the cause of certain road 
failures and developing methods of construction which 
would avoid a recurrence of similar conditions. The 
findings have been used to determine the character and 
dimensions of the surfacing on proposed road projects 
submitted for construction with Federal aid. 


THE VARIABLE CHARACTER OF ROAD SUBGRADES 


The character of road subgrades varies from solid 
rock through compacted gravel, hardpan, loose rock, 
gravel, sand, clay, colloidal clay, and swamp land to 
quicksand. Generally speaking, the bearing power of 
dry soils increases with the size of the particles. In 
the following table one recognizes immediately that 
the coarsest materials are those which possess the 


greatest supporting power. 
Diameter in millimeters 


ivetpravele. Se 2 vol. 
Coamsewmenmd. ___-...2505.4--.-. 1 tov0.5 
Medimmmusemdimiees ces eae 0.5 to 0.25. 
Laie a 0.25 to 0.10. 
Mossi) ee 0.10 to 0.05. 
OU ey 0.05 to 0.005. 
Ope... ae Jee less than 0.005. 






Closely related to the size and character of the 
particles composing the soil is its ability to hold water 
against the force of gravity, i. e., its capillary or water- 
holding capacity, and this relationship is so definite, 
and the determination of the moisture-holding proper- 
ties is so much simpler than mechanical analysis that 
it is preferred to the latter by the majority of investi- 
gators as a means of classifying soils. 

The practical laboratory test is to determine the per- 
centage of water the soil will hold in opposition to a force 
equal to 1,000 times the force of gravity, as developed in 
a centrifuge, and the percentage determined in this man- 
ner is known as the mozsture equivalent of the soil.! 

It has been found by experiment that the moisture 
een percentage varies with the size and character 
of the soil grains. The smaller the grains, the greater 
is their surface area in a given volume of the soil and 
the larger is the moisture equivalent percentage. The 
character of the grain, whether glazed or rough, porous 
or solid, etc., also affects the test. 

R. L. Pendleton states in regard to the moisture 
equivalent percentage that ‘‘ This determination showed 
quite distinct averages for 
the types. Eliminating 
those samples shown to be 
ee a pre to the 
| mechanical analysis, the 
NEW FIELD METHOD | variation within an type 1s 

\ | reduced considerably. Yet 
it can not be said as regards 
this constant that all soils 
mapped under a given type 
name or even those soils 
under a given type name 
which the mechanical anal- 
ysis has shown to be true 
to name have closely simi- 
lar moisture equivalents. 
Briggs and McLane express 
the belief that ultimately 
moisture equivalent determinations will replace me- 
chanical analysis in the classification of soils, because 
the determination is simple and the result can be ex- 
pressed as a single constant.’’? 
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FIELD TEST FOR MOISTURE EQUIVALENT OF SOILS 


Since the degree of fineness of the grains of a soil 
seems to determine its quality for road foundations, 
and since the moisture equivalent percentage has been 
found to bear a close relation to the degree of fineness 
it is desirable to develop some means of approximately 
determining the latter characteristic, without employ- 
ing the centrifuge, the use of which is not practicable 
in the field. With this in mind the following field test 
has been devised: 

The test 1s made by taking a 500-gram sample of 
air-dried soil, breaking up the lumps, placing the sample 
in a bowl, adding water slowly from a burette, mixing 
the water and soil until it reaches the consistency of 


1¥For descripticn of the standard laboratory test for moisture equivalent, see 
Public Roads, Vol. 4, No. 3, July, 1921, p. 16. 

_? Are soils mapped under a given type name by the Bureau of Soils method closely 
similar to one another? University of California Publications in Agricultural 
Science, Vol. 3, No. 12. Page 469. 
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putty and may be compacted with a spoon or spatula 
without any free water remaining on the surface. 
Water is then allowed to drop upon the smoothed 
surface as long as it is absorbed. Before the moisture 
equivalent percentage is reached the sample will 
absorb water readily but when the critical value is 
passed the surface will retain a wet, shiny appearance. 
The sample is then dried out at 105° C. and the per- 
centage of water is calculated on the basis of the dry 
weight of the soil. This procedure eliminates the time 
and labor required to oven-dry and pulverize a sample. 
Pieces of rock larger than one-eight inch are removed. 


TABLE 1.—lResults of moisture equivalent tests made by the United 
States Bureau of Soils 


Mechanical analysis—Per cent between | Moisture 
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TABLE 2.—Moisture equivalent results by Oregon Agricultural 
College and field method 






































p United States 
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aaa: Deraee Roads, District 1 Difference 
lst run 2d run ist run 2d run | 
A B C D 
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In order to determine how closely a refinement of 
this field method would agree with the results obtained 


by the standard laboratory test, 29 soil types varying 
from silt to clay were sampled and divided into three 
portions. One set of samples was oven-dried at 105° 
C. and pulverized to pass a 1-millimeter (1/25-inch) 
screen and then tested by the field method. The other 
samples were tested by the standard laboratory method 
by the United States Bureau of Soils and the Oregon 
Agricultural College, and the results of the three tests 
for the corresponding samples are shown in Figure 1. 
The appearance of a soil before, during, and after the 
field moisture equivalent test has been made is shown 
in Figures 2, 3, and 4. 
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Fic. 2.—Oven-dried soil pulverized to pass a 1-millimeter (-inch) screen 





Fic. 3.—Same soil wetted to approximately one-half the moisture equivalent per- 
centage 





Fic, 4.—Same soil wetted to the moisture equivalent percentage 


The mechanical analysis and the moisture equivalent 
results of the United States Bureau of Sous are given 
in Table 1. The difference between the original and 
check tests by the Oregon Agricultural College and the 
field method are shown in Table 2. The sum of the 


differences is decidedly in favor of the laboratory 
method although the results seem to indicate that the 
field method jis close enough for all practical purposes. 





Fic. 5.—Soil bars, wetted to the moisture equivalent percentage. before dryinz 


The moisture equivalent results by the three agen- 
cies and the residuals are given in Table 3. . Consider- 
ing the results of the Bureau of Soils as correct, the 
probable errors, by the method of least squares, for 
the Oregon Agricultural College and the field method 
are +1.9 and +1.4 respectively. 
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Fic. 6.—Same soil bars after being oven-dried at 105° C. 


FIELD METHOD FOR DETERMINING THE LINEAL SHRINKAGE 
PERCENTAGE OF SOILS 


It is desirable, also, to determine the lineal shrinkage 
percentage of various soil types because the vertical 
displacement or distortion of the subgrade, resulting 
from the shrinkage or swelling of the soil, is a factor 
which limits the life of a road surface, and what ap- 
pam to be a practical field method of making this test 
as also been developed. It is deseribed as follows: 

Procedure.—A 300-gram sample of soil wetted to the 
moisture equivalent percentage is packed in %-inch 
Jayers in a galvanized iron mold with a wooden tamper 
(14 inch by 11% inches by 14 inches). The bars after 
being weighed are pushed from the mold upon a porce- 
lain plate and calipered and then oven-dried at 105° 
C. and ecalipered again. (See figs. 4, 5, and 6.) The 
difference in length computed as a percentage of the 





wet length of the bar is considered the lineal shrinkage 
percentage. The volumetric shrinkage percentage Is 
computed on the assumption that the shrinkage is uni- 
form jn all three dimensions. A computed graph show- 
ing the relation between the hneal and volumetric 
shrinkage factor is given in Figure 7. 

Original and check runs made to determine the lineal 
shrinkage percentage of the 29 soil samples previously 
described are shown in Table 4, from which it will be 


TABLE 3.—Moisture equivalent percentages as determined by the 
three agencies 
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Fig. 7.—Relation between lineal and volumetric shrinkage 











noted that the two determinations check very closely, 
and the relation of lineal shrinkage to the moisture 
equivalent of the same sainples is represented by 
Figure 8. | 
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Fic. 8.—Relation of lineal shrinkage to moisture equivalent for 29 soil samples from 
Oregon Federal-aid project No. 51 


TaBLeE 4.—Field determinations of lineal shrinkage of sotls 
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A ROUGH PRACTICAL METHOD OF CLASSIFYING SUBGRADE SOILS 


Using these field tests a series of studies of road sub- 
grades have been made in the States of Oregon and 
Washington which are included in Bureau of Public 
Roads District No. 1, as one of the results of which a 
method of roughly classifying subgrade soils by means 
of a soul classification triangle, shown in Figure 9, has 
been evolved. This triangle is plotted according to 
Professor Ferét’s method (Annales Des Ponts et 
Chaussées, 1892). Its use is based on the fact that i: 
any equilateral triangle, the sum of the perpendiculars 
from any point to the three sides is equal to the alti- 
tude of the triangle. Thus at intersection A, the soil 
contains 37.6 per cent silt, 6.7 per cent sand, and 55.7 
per cent clay, and is classified CLAY. The soil 
nomenclatures shown by the shaded areas are believed 
to be representative of the practice of the leading 
authorities. The percentages represent the results 
obtained by a mechanical analysis. The horizontal 
lines represent the percentages of clay which, it is 
believed generally, determine the quality of the soil 
for a road subgrade. Thus it 1s believed that, as a 
rule, a soil containing less than 20 per cent of clay 
makes a good subgrade, one containing from 20 to 30 
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ESTIMATED QUALITY OF HIGHWAY SUBGRADE SOIL 
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Fic. 9.—Trilinear soil classification chart 


per cent of clay a fair subgrade, and one containing more 
than 30 per cent a poor subgrade. 

The field observations of the bureau indicate that, 
for road soil reconnaissance survey purposes, the clay 
content by mechanical analysis may be considered as 
equal to the moisture equivalent percentage. Adopting 
this assumption (see Table 1) the basis of the above 
classification 1s apparent in Figure 8. As shown by 
this figure the field observations indicate that when 
the moisture equivalent is less than 20, the hneal 
shrinkage is too small to be measured and the soil 
makes a good subgrade; when the moisture equivalent 
percentage varies from 20 to 30 the average maximum 
lineal shrinkage is about 5 per cent and the soil makes 
a fair subgrade; but when the moisture equivalent 
exceeds 30 per cent, the average maximum lineal 
shrinkage becomes excessive and the soul makes a poor 
subgrade. Therefore, in regions where soil survey 
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bulletins are available, this chart may be used in making 
a reconnaissance survey of the subgrade soil on a road 
project. But these results should be verified in all 
cases by actual tests, at least until the soil types of the 
region have been evaluated. 


OTHER FINDINGS OF THE SUBGRADE STUDIES 


Other major findings of the bureau’s subgrade 
studies follow: 

1. The field moisture equivalent test seems to give 
results practically identical with the standard laboratory 
methods. 

2. A moisture equivalent percentage of 20 seems to 
be critical in respect to the bearing power of a soul. 
When the moisture equivalent percentage is less than 
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Fic. 10.—Lineal shrinkage percentage curve computed from results obtained from 
tests of 176 subgrade soils in Oregon and Washington 

20 the density and possibly the bearing power of a soil 

do not seem to be decreased perceptibly by the addi- 

tion of water until the moisture content is made greater 

than the total voids in the soil. 

3. Defining the term “stability ratio” as the actual 
moisture content percentage of the soil divided by its 
moisture equivalent value, the field investigations in 
the States of Oregon and Washington seem to indicate 


MOISTURE CONTENT 
IN PER CENT OF DRY 
WEIGHT OF SOIL 


that the bearing power of a soil is relatively low when | 
the stability ratio is greater than unity. When the © 
stability ratio is less than unity, existing subgrades are — 
generally well compacted, firm and hard. The apph- ~ 
cation of the stability ratio is limited to soils with © 
moisture equivalent percentages greater than 20. a 

4, When the moisture equivalent percentage of a soil | 


is greater than 20 the moisture equivalent percentage ~ 


seems to represent the extreme limit that the moisture | 
content of a subgrade should be permitted to reach. , 

5. The lineal shrinkage percentage test detects poor — 
subgrade soils which pass a favorable moisture equiva- — 
lent test or vice versa.’ 

6. The lneal shrinkage of a soil with a moisture 
equivalent percentage of less than 20 is usually too 
small to be measured. According to the curve in 
Figure 10 the shrinkage will be zero when the moisture 
equivalent percentage is 15.4 per cent. This curve 
was computed from the results of 176 tests. An orig- 
inal and check run was made for each test and the 
average result used. For all practical purposes it is 
believed that zero shrinkage may generally be assumed 
to occur when the moisture equivalent percentage is 
equal to or less than 20. Table 5 gives thie maximum, 
minimum and average values of the lineal shrinkage 
percentages for the corresponding moisture equivalent 
percentages expressed to the nearest unit figure. 

7. When the lineal shrinkage percentage is less than 
5 per cent, the subgrade soil does not seem to require 
eee treatment or protective measures to prevent the 
shrinkage or swell from reducing the life of the road 
surfacing. 





3 A soil with porous grains might have a high moisture equivalent and a relatively 
low shrinkage percentage. Soils with a high shrinkage percentage contain larger per- 
centages of clay and heave readily when frozen. In the State of Washington 81 per 
cent of the cement concrete pavement slabs are cracked in the eastern portion where 
the frost is severe, while in the western third of the State where the frost is severe only 
55 per cent of the slabs subjected to heavy logging traffic are cracked and 15 per cent 
of those not subjected to heavy logging traffic (1922 data.) 
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LINEAL SHRINKAGE IN PER CENT OF WET LENGTH OF SOIL 


Fiac. 11.—Relation of lineal shrinkage to moisture content on sample of clay subsoil from Pacific Highway near Woodland, Wash. 
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8. When the lineal shrinkage percentage is greater 
than 5 per cent,‘ it seems that special precautions 
should be taken to insure a road surface against failure 
due to subgrade soil movement. The moisture content 
of the soil when in excess of capillary moisture may 
be reduced by surface or tile — or both. The 
pavement may be strengthened by increased depth, steel 
reinforcement, or a suitable subgrade. A sand cushion 
may be provided under the surface or the soil may be 
treated. It is to be noted that the actual variation in 
the moisture content of fhe soil determines the amount 
of shrinkage or swelling. Only in rare instances do 
soils dry out completel and reach the maximum 
Epeeible shrinkage percentage. Figure 11 illustrates 
this. 
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Fic. 12.—-Soil auger. Extra pipe lengths may be added in 3-foot sections. The 
total practicable penetration is 18 feet. The point is prepared as follows: (1) An- 
neal; (2) saw or drill out concave center; (3) trim with round file, without bend- 
ing or altering conformation of prongs; (4) sharpen ends of two prongs to chisel 
points, }4-inch wide, with flat surface in plane perpendicular to-axis of drill 


9. Embankments across clay soil lowlands which are 
subject to flood should, wherever possible, be con- 
structed with soil hauled from the surrounding hills 
rather than by side borrow. The lowland clay generally 
has a high lineal shrinkage percentage, while the 
upland soil has usually a much lower shrinkage value. 
The core of the fill may be made by side borrow and 
sloped with upland material, if the cost of the long haul 








4 This is equivalent to a volumetric shrinkage factor of about 14 per cent and cor- 
responds approximately to a moisture equivalent percentage of 30. 


—— the formation of the entire embankment 
rom the upland soil.® 


TABLE 5.—Lineal shrinkage percentages based on tests of 176 soils 
in Oregon and Washington 
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EQUIPMENT REQUIRED FOR A ROAD PROJECT SOIL SURVEY 


The apparatus and equipment required to make 
subgrade soil surveys similar to these described is as 
follows: 


1 automobile (preferably a closed car, since the best. 
investigations of drainage are made during rainy 
weather). 

Soil auger (see fig. 12). 

dozen galvanized seamless salve boxes 3 inches in 
diameter and 214 inches deep with covers. 

small camp oven, preferably equipped with a thermo- 
stat. 

electric hot plate for heating oven. 

small pick. 

shovel. 

set of equipment for moisture equivalent and shrinkage 
tests as shown in Figure 2 
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After the moisture equivalent and shrinkage values 
of typical soils in a region have been determined, it is 
necessary to make routine tests only in rare instances. 
An experienced investigator is able to identify silts, 
loams, clays, sands, ete., by rubbing between the fingers 
and it is remarkable how closely the moisture equiva- 
lents may be estimated by inspection. 


* One of the most serious subgrade failures in the Pacific northwest occurred on the 
Pacific Highway between Centralia and Chehalis, Wash. The fill had been made 
by side borrow with the heavy Chehalis clay soil which had a moisture equivalent 
of 55 per cent and a lineal shrinkage percentage of 13 (equivalent to a volumetric 
shrinkage percentage of 34). The berms left at the toe of the slope of the fills were 
too narrow. The embankment was distorted when the soil was swelled annually 
by flood waters from the Chehalis River. The fill sloughed into the borrow pits 
and left the cement concrete pavement unsupported under the edges in many places. 
The impact and weight of the traffic resulted in many longitudinal and transverse 
cracks and broken corners. The character of the concrete pavement was good. This 
was a typical subgrade failure. Toremedy this failure the State highway department 
has widened the old clay fill by placing a layer of upland soil from 4 to8 feet in thick- 
ness along the side slopes. This new fill soil has a comparatively low shrinkage 
percentage. After ultimate settlement of the new embankment, the existing pave- 
ment will be resurfaced with a cement concrete pavement 20 feet wide. Precaution 
will be taken to provide a sliding plane between the old and new pavements. 


* 
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THE REGULATION OF MOTOR VEHICLES AS COMMON 
CARRIERS 


By HENRY R. TRUMBOWER, Economist, U. S. Bureau of Public Roads 


N 1907, about the time when automobiles began to 
| come into general use, the States were still debating 
whether public service corporations furnishing light, 
heat, power, water, and telephone service and the trac- 
tion lines should be placed under the regulation of the 
States by public utility commissions. “By that time 
most of the States had established railroad commis- 
sions Which regulated the rates and service of steam rail- 
roads and there was a general feeling that these other 
pubhe utility enterprises should be similarly regulated 
both as to rates and service. Wisconsin and New York 
were the first States to extend this Jurisdiction of the 
State and both enacted laws which gave these regulatory 
powers to railroad commissions which already existed. 

When the automobile began to be used as a common 
carrier, either as a jitney competing with city street- 
service or as a bus between cities or as a truck carr ae 
persons and property for compensation, it was recog- 
nized that this was a new type of public service. Cities 
first began regulating these new transportation agencies 
and subsequently State legislatures began passing laws 
which extended their jurisdiction and regulatory power 
to the motor vehicle operated as a common e¢arricr in 
like manner as to the rail transportation service. 
There has been considerable discussion as to the policy 
of extending a State’s regulatory power to the. motor 
vehicle. As yet there is no complete agreement on the 
subject and not all the States have gone so far as to 
regulate common carrier motor vehicles to the same 
degree as steam and electric railroads. 

The principal arguments in favor of State regulation 
of automobile carriers may be summarized as follows: 
That motor vehicles operating as common carriers 
should be regulated the same as other public trans- 
portation agencies and in that manner travelers and the 
shipping public could be assured regular, adequate, and 
efficient service including at the same time the highest 
degree of safety and responsibility ; that where motor 
vehicle common carriers are apt to bring about com- 
nanan conditions which are ruinous to other carriers, 

the State can determine what 1s to the best interest 
of the public in the long run and protect that agency 
which it is shown deserves s protection and whose service 
is needed by the public; that there should be placed 
upon the common carrier motor vehicle those duties 
and obligations which are commensurate with the 
benefits obtained from the public which furnishes the 
highway and allows it to be used for gain and profit; 
that public regulation is desirable in order to protect 
from irresponsible competitors those motor vehicle 
common carriers which have established themselves 
and are furnishing satisfactory service. 


IS REGULATION NECESSARY IN ABSENCE OF MONOPOLY? 


The attitude of those opposing this type of legislation 
finds its expression in the message of the governor 
accompanying the veto of a motor-vehicle regulation 
measure passed by the Wisconsin Legislature. Ie said: 
“ My objection to this bill is fundamental. Jitneys and 
busses may be operated by anyone upon the public 


highways and streets, and therefore there is no oOppor- 
tunity to create a monopoly. Free competition pre- 

vails, and thus rates and services are regulated by the 
walllea al law of competition. It is quite “different with 
respect to a street railway, an interurban railway, or 
a railroad. When either of those occupies a territory, 
there is no opportunity for a competitive, hke system to 
come into that territory. There is a limitation on the 
number of street railways or interurban lines that may 
occupy the field of transportation, and so the trans- 
portation companies hold the field against all others; 
and the reason for regulating them is because of the 
fact that they possess a monopoly, affording them the 
right, in the absence of reeulation, to arbitrarily clins= 
criminate, grant rebates and other special favors, charge 
an excessive fare, and give inadequate service. The 
legislature, ther efore, Ww isely provided for the regulation 
of such monopolies. The motor ee have come 
to stay; they are the beginning of a transportation 
system about which it is dangerous to prophesy. They 
may in the future be displaced by more modern systems 
of transportation. The old canal companies fought 
for their existence when the railroads came, but the 
building of railroads could not be obstructed merely 
for the purpose of preserving the canal companies. 
* %* * “T do not believe that it is any part of the 
State’s duty to obstruct or hinder that means of con- 
veyance. So long as the motor vehicles do not possess 
a monopoly, there is no eround for regulating them, 
except to protect the safety and health of the traveling 
pubhe. To regulate them from the standpoint of 
protecting some other business, 1s to interfere with free 
competition, not in the interests of the general pubhe, 
but for the special protection of some specific business.’ 

There is a certain amount of truth in the statement 
that public regulation is not necessary where monopoly 
conditions do not prevail. Regulation on the part of 
the Federal Government and the State governments 
was undertaken for the purpose of protecting the 
public against unreasonable rates and discriminatory 
pr actices which erew up under monopoly conditions. 
It seems, ther efore, logical that when and if competitive 
conditions are restored re egulation can be given up. In 
this connection it should, however, be observed that 
the motor vehicle as a common carrier makes its appear- 
ance as a competitor in the entire field of transportation, 
including steam railroads and electric eity and inter- 
urban railroads. To keep on regulating one form of 
transportation as to rates and service and allow. the 
new type of competitor free rein without placing upon 
him any degree of restraint or responsibility is an unfair 
practice and will lead sooner or later to conditions which 
will be intolerable from the public point of view. The 
public is entitled to adequate and continuous service 
at reasonable rates; unlimited competition on the 
part of the motor vehicle with the common carrier which 
is regulated by the public will in the long run seriously 
affect. the service and may force that type of carrier 
to curtail or abandon its service which is most essential 
to public needs. 
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~ MOTOR VEHICLE COMMON CARRIERS REGULATED IN 28 STATES 


At the end of 1923 there were 28 States! which had 
adopted the definite policy of regulating motor vehi- 
cles engaged in common carrier service and through 
the State public service commissions were exercising 
control over the routes, service, and fares. Many of 
the cities exercise control over so-called jitney opera- 
tion even though the State has not enacted any legis- 
Jation pertaining to motor vehicle common. carrier 
service on the public highways. There are also cer- 
tain States which have not gone so far as to put auto- 
mobiles carrying passengers and freight for hire into 
the public utility class which at the same time require 
such operators to carry lability insurance and give 
bonds. As yet the Federal Government has not 
taken any steps to regulate automobile carriers al- 
though there are a great many who engage in inter- 
state business. Where railroad companies have made 
arrangements to forward freight shipments by rail and 
motor truck the Interstate Commerce Commission 
has taken the position that the commission’s jurisdic- 
tion does not extend to that part of the service carried 
on by motor truck over the highways. 

The right of the State to regulate the activities of 
motor vehicles engaged in common carrier operation is 
well established; this is true whether the State does 
it directly through a regulating commission or through 
a city council which derives its powers from a charter 
eranted by the State. The regulation and control of 
the jitney has been held by the courts to be a legiti- 
mate exercise of the police power. Memphis v. State 
ex rel. Ryals., 133 Tenn. 83; Hx parte Dickey, 76 W. 
Va. 576; Auto Transit Co. v. Fort Worth (Texas), 182 
S. W. 685; Thielke v. Albee, 79 Ore. 48; Huston v. 
Des Moines, 176 Iowa 455; Green v. San Antonio 
(Texas), 178 5S. W. 6; Smith v. Nunnelly (W. Va.) 
P. U. f., 1915 177. Under the police power of a 
State the legislature may prescribe the number, char- 
acter, routes, rates, and hours of service of common 
carrier vehicles on highways; this power can be dele- 
gated to a city council or to a public service commission. 

In framing laws of this character it is necessary in 
the first place to name and describe definitely the type 
of motor vehicle and the nature of the service which 
is to be regulated and supervised by the State. The 
State of Washington has adopted a very comprehen- 
sive definition covering this matter; its jurisdiction ex- 
tends over all “auto transportation companies’’ and 
these are defined as “every corporation or person, 
* * * owning, controlling, operating, or managing 
any motor propelled vehicle not usually operated on 
or over rails used in the business of transporting per- 
sons, and, or, property for compensation over any 
public highway in this State between fixed termini or 
over a regular route, and not operated exclusively 
within the incorporated limits of any city or town; 
Provided, that the term auto transportation company, 
as used in this act, shall not include corporations or 
persons ~*~ * * in s@ far as they own, control, 
operate, or manage taxicabs, hotel busses, school bus- 
ses, motor propelled vehicles, operated exclusively in 
transporting agricultural, horticultural, or dairy or 
other form of products from the point of production 
to the market.” ? 


1Arizona, California, Colorado, Connecticut, Georgia, Illinois, Iowa, Maine, 
Maryland, Michigan, Montana, Nevada, New Hampshire, New Jersey, New 
York, North Dakota, Ohio, Oklahoma, Oregon, Pennsylvania, Rhode Island, 
South Dakota, Utah, Vermont, Virginia, Washington, West Virginia, Wyoming, 
2 Chapter III, sec. 1, Laws of Washington, 1921. 


One of the frequent questions whieh commissions 
and courts have to decide is whether or not a spec fic 
motor vehicle is operated in such manner so as to 
bring it within the State’s regulatory powers. Statu- 
tory definitions which are clear and comprehensive 
are of great assistance to those who are responsible 
for the administration of the law. That the State 
has the power to regulate common carriers is no longer 
open to argument, but a commission can regulate 
only those common earriers which have been definitely 
named and included by definition in the statute con- 
ferring jurisdiction to the regulatory agency. 

An example of this came up in California. The 
California commission held that a motor bus line, auto 
truck line, or auto stage line engaged in transportation 
for hire was not a public utility under the California 
act although it might be a common carrier. Western 
Assoc. v. Hackett (Calif.) P. U. R., 1915F. 997. The 
position taken by the commission was reversed by the 
State supreme court when the case came before it on 
appeal; the court held that sueh motor vehicle lines 
were “transportation companies’? and subject to the 
control of the commission because the constitution 
from which the commission received its authority gave 
the commission the power to regulate railroads and 
“other transportation companies.” Western Assoc. v. 
Railroad Commission, 173 Calif. 802. In following 
the rules of construction the court must have concluded 
that motor vehicle common carriers resembled “rail- 
roads”’ closely enough so as to come within the category 
of “other transportation companies.’’ In a great num- 
ber of States which have had public utility acts and 
where power was given to commissions to regulate 
railroads, both steam and electric, the laws have been 
amended by adding motor vehicles engaged in common 
carrier service and by putting them in the same class 
as railroads. The Colorado Public Utilities act defines 
the term ‘‘common carrier” in saying: ‘The term 
‘common carrier’ when used in this act includes every 
railroad, corporation * * * and every other cor- 
poration or person affording a means of transportation 
by automobile or other vehicle whatever, similar to 
that ordinarily afforded by railroads or street railways 
and in competition therewith.” ° 

The statute of Maryland, which was one of the first 
States to regulate the motor vehicle as a common 
carrier, provided that the term “common carricr”’ 
includes all persons * * * operating automobiles 
and motor cars or motor vehicles for public use, in 
the conveyance of persons or property.¢. The com- 
pleteness of the jurisdiction which the States have 
because of statutory enactments depends wholly upon 
the specific provisions of the law in each case. In most 
States the powers granted to the commissions are far 
reaching in character; in some States the jurisdiction 
applies to passenger motor vehicles alone; in New 
Jersey the commission has jurisdiction over and can 
regulate only those auto busses which operate over 
routes parallel to a street railway line or traction rail- 
way.’ The Ohio law limits the commission to a super- 
vision of the rates and service and safety of operation 
of common carrier motor vehicles; the control of 
competition with other transportation agencies Is not 
delegated to the commission.° 


3 Chap. 127, sec. 2-E, Laws of Colorado, 1915. 

4 Chap. 180, see. 1.5, Laws of Maryland, enacted 1910, amended by Chap. 445, 
laws of 1914. 

5 Chap. 149, sec. 15, laws of New Jersey, 1921. 

© Act July 26, 1913. 
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CERTIFICATES OF PUBLIC CONVENIENCE AND NECESSITY 


Wherever State commissions exercise complete con- 
trol and supervision of common carrier motor vehicle 
transportation it is necessary that any one desiring to 
engage in this kind of service obtain from the commis- 
slon a permit which certifies that the holder has the 
right to give service of a certain character between two 
definite terminals. This permit or certificate is not 
issued unless it is shown that public convenience and 
necessity require this new service or operation and 
consequently the certificates are generally called “cer- 
tificates of public convenience and necessity.” This 
procedure is taken directly from the railroad and public- 
utility laws and is the basis of the monopoly feature of 
such enactments. The New York Public Service Com- 
mission in one of its decisions has made a very good 
attempt at defining this term. “Taking the phrase as 
an entity,” the commission says, “it does not mean to 
require a physical necessity or an indispensable thing. 
We take it that for such purposes as are involved in 
this and similar applications, a public convenience and 
necessity exists =e the proposed facility will meet a 
reasonable want of the public and supply a need, if 
existing facilities, while in a sense sufhcient, do not 
adequately supply their need.”’? In most States where 
laws have been passed requiring that no motor vehicles 
operate as common carriers until they have secured 
public convenience and necessity certificates 1t 1s pro- 
vided that those operating at the time the law becomes 
effective are considered as being within their rights. 
The certificates may be good only for the year issued 
or they may be granted for an indefinite period; if 
eranted for a year they are ordinarily renewed at the 
end of the year without any further formalities. 

A good deal of the litigation before commissions and 
courts involving the regulation of the operations of 
motor vehicles as common Carriers pertains to contests 
over the granting of a certificate of public convenience 
and necessity. Practically all of these cases grow out 
of applications to operate motor bus lines. ‘The cases 
can be grouped into two classes; first, where an appli- 
cant seeks the right to operate in a field which is already 
occupied; second, where there are several applicants 
seeking the right to operate in an unoccupied area. 
The competition which would be set up in this first 
group of cases is with street railways in cities or in 
suburban sections, with steam railroads, and with 
other common carrier motor vehicles. 


STREET RAILWAYS ENTITLED TO PROTECTION AGAINST LOSS OF 
SHORT-HAUL FARES 

The revenue feature is usually the one which receives 
the most consideration in determining whether or not 
a permit should be granted to operate a motor bus in 
direct competition with urban and inter-urban electric 
railroads. On account of the fact that a uniform flat 
rate of fare is being generally charged on street railway 
lines and that passengers are carried long distances as 
well as short distances for the same fare, the street rail- 
way finds its revenues seriously depleted if its short- 
haul passengers are taken away from it by a motor bus 
and the rate of fare for the other passengers may have 
to be increased, or at least it will make it impossible to 
reduce fares. For this reason public utility commis- 
sions in their decisions in such cases have taken the 
stand that street railways were entitled to protection 
up to a certain point. The loss in earnings of a street 








‘Re Troy Auto Car Co. (N. Y. 2d Dist.), P. U. R. 1917A, 700. 


railway brought about through the competition of 
motor bus operation would result in preventing the 
street railway from securing the needed capital for 
extensions and betterments and the public would 
finally suffer. The check upon unwise competition in 
the opinion of the New York commission is abundantly 
justified from the point of view of public advantage. 
Petition of Gray (N.Y. 2d Dist.) P. U. R. 1916A. 33. 
That same commission holds that motor busses should 
be confined to streets and neighborhoods which are not 
served by street railroads except in cases where existing 
street railroads refuse to or can not supply the service 
requirements. Petition of Gray (N.Y. 2d Dist.) P. U. 
ROTA. 83. 

In most cases 1t has been held that under the condi- 
tions existing in the larger cities motor-bus service 
can not be substituted wholly for street-car service 
because it would inadequately meet the public needs. 
At the time when the Oregon commission was consider- 
ing an application for an increase in street railway 
fares in the city of Portland a suggestion was made 
that motor-bus transportation could be imtroduced 
and thus do away with street railway operations. 
After making a comprehensive study of the practi- 
cability and economy of motor-bus transportation the 
commission concluded that in these grounds it would 
not be justifiable to make a substitution. “Even on 
the more profitable lines of traffic,’’ the commission 
said, “it appears that the cost would equal, if not 
exceed, that of the street railway, and because of the 
narrowness of Portland’s streets the congestion of 
traffic which would be occasioned thereby would make 
it impracticable if not prohibitive.’ Re Portland 
Railway, Light & Power Co. (Oreg.). 

According to the New York commission there is 
justification in the competition between a line of motor 
busses and a street railway line ‘where it appears that 
there is such a divergence of routes and so much greater 
convenience afforded by the stage route that it may 
fairly be said that it supplies a want of the public not 
already adequately met.”” Re Troy Auto Car Co. (N.Y. 
2d Dist. P. U. R.) 1917 A 700. Just what distance there 
must be between the route of the motor-bus and street- 
car line so that there will not be any direct competition 
is a matter which must be determined in each individual 
case. It has been held that an auto-bus line operating 
over a route which was 2,500 feet from the nearest 
street railway line did not improperly interfere with it 
and under those conditions a certificate was granted. 
Re Woodlawn Improv. Transportation Corp. (N.Y. 2d 
Dist.) Poh veto ae | 


COMPETITION OF MOTOR AND RAILROAD 


When the operation of common carrier motor 
vehicles comes into competition with paralleling 
steam railroads practically the same policy is followed 
as in the case of competition with street railways. 
Where the service of the steam railroad is inadequate 
and unsatisfactory permits are granted. Fe King. 
(Calif.) P. U. R. 1919F 377. Not many cases of this 
kind have arisen because the service of the motor-bus 
lines is in most instances purely local in character. 

Commissions have uniformly held that where motor- 
bus lines are operating and giving satisfactory service 
they should be protected from competition of other 
operators. Le Automobile Stage Line (Ariz.) P. U. R. 
191SBh 292. If it appears, however, that there 1s 
enough business to warrant the establishment of a 
second line and the line already operating does not 
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properly serve the public, certificates of public con- and who, at the best, have but a limited conception of 
venience and necessity are issued to applicants author- the intricacies of cost accounting. Rate eases as such 
izing competitive service. have not found their way to the dockets of public 

Where there is an unoccupied field and there are utility boards and commissions. Because of the lack of 
several applicants secking permits to operate and it rate controversies the valuation of the property of these 
appears that the prospective business warrants only carriers has not been necessary. ‘ 
one line of motor busses, the commission has to take — The regulatory laws of the various States provide 
into account the relative ability of the applicants to that annual reports shall be filed in accordance with the 
furnish the required service. fe King (Calif.) P. U. R. requirements prescribed by the commissions. These 
1917F 377; Re Chicago Motor Bus Co. (Ill.) P. U. R. reports at present contain fairly accurate data as to 
1918C 320. Such considerations as the financial revenue; when it comes to a classification of operating 
responsibility of the applicants, the type of equipment, expenses there is an evident weakness. The item of 
the proposed rates and schedules are all matters which depreciation usually receives very little attention; there 
are given due weight. is also noted a confusion in the minds of many of the 

Through regulations and the promulgation of rules small operators between wages and salaries on the one 
the State commissions supervise the operations of hand and return on the other. In those States where 
motor busses; speed limits are established, provisions street railway companies have, cither directly or indi- 
are made for all kinds of safety measures, rules of con- rectly, gone into the business of operating motor 
duct and the hours on duty of drivers are definitely busses to supplement their rail service, reports and 
prescribed, the capacity loads are fixed, and all manner financial statements are filed which are properly made 
of precautions are taken for the benefit of the traveling out by the accountants and clerks familiar with public 
public. utility cost accounting systems. 

In none of the formal proceedings have any definite | According to the information obtained from a num- 
principles been established as to the maximum rate of ber of State commissions which regulate the operations 
return which should be allowed to this new class of of all common carrier motor vehicles there is a tendency 
common carriers and public-utility enterprises. The for the individual operators to be taken over by cor- 
business is new, and very little authentic information porations organized for this purpose; consolidation of 
has been collected which would indicate what the re- small operators is also noted. Large companies are 
turn should be. The capital requirements are not so appearing which control the routes in a given section 
Jarge as in other kinds of public utility undertakings. of a State. The motor-bus business may pass through 
At the same time the business has been conducted in the same consolidation movement which took place in 
many instances by individuals who keep few accounts the early days of the street railway business. 

















Beginning with number 100 other routes of the road 
system could be numbered in each State independently. 
A traveler on a three-digit route would know that he 
tinuous routes east and west, and the even numbers to could not depend on an interstate connection indefi- 
similar routes north and south. A traveler from the nitely across the country. 

Atlantic seaboard to the Pacific would know that he Some States already have authority to give final 
was going west so long as he continued on an odd- designation to the State roads and are awaiting a deci- 
numbered route, even though he had no map. The sion in this matter before proceeding. This plan will 
odd numbers would take precedence over the even be devised to make it possible to eliminate the confu- 
numbers where a diagonal or cross route was used by sion of multiple numbering and marking now so 
both the north-and-south and east-and-west route. common. There is at least one road in the country, 
in a State that has made one of the most successful 
efforts at designating the State system as such that 
carries to-day eight different designations because it is 
a part of eight interstate and State routes. This con- 
fusion should and can be eliminated. 

The foregoing brief and general statement of what 
has been done and of what is being done to promote 
traffic control and safety on our highways clearly dis- 
closes several facts. We have a definite and reason- 
ably complete knowledge of principles and have a 
means of securing further data. We see that many 
excellent devices and practices are in use in many of 
the States, and that were it possible at once to select 
from each State the best details of design, the best 
system of marking, the most efficient policing, and to 
a adopt the best traffic regulations already in force, we 
Guide sign used in Pennsylvania giving direction and distance could construct a code of traffic control and of highway 
engineering practice that would furnish an almost 
With the aid of a simple diagrammatic map of the complete physical and regulatory solution to the prob- 
system, this arrangement would greatly facilitate travel lem of securing safety on the open road. ‘The present 
in all parts of the country with assurance against loss immediate problem is to secure uniformity and har- 
of time or distance. mony in the adoption of the best practices. 


TRAFFIC CONTROL AND SAFETY 


(Continued from page 9) 
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TRANSPORTATION OF HOGS BY MOTOR TRUCK 


BUREAU OF PUBLIC ROADS STUDY SHOWS EXTENT OF PRACTICE IN INDIANAPOLIS MARKET 


By E, L. BROWNE, Agricultural Economist, U. S. Bureau of Public Roads 


IGHWAY transportation has to-day come to be 
H one of the main pillars of our economic structure. 

We have seen this development taking place 
before our eyes durmeg the past ten or fifteen years 
but we have been able only to sense its proportions 
as we have seen the streams of trucks passing over the 
highways carrying a products of farm and factory. 
There is a real need to know whence these trucks come, 
where they go, what they carry, and what it costs in 
order that we may form some sort of estimate of the 
value of the services they render. 
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The transportation of hvestock over the highways 
to markets where they are butchered has become quite 
general in the production areas close to such markets, 
and Indianapolis has been selected for study as suf- 
ficiently representative of such practice. In ‘this ares 
a very large proportion of the livestock produced 
within 50 miles of the city is trucked in and this prac- 
tice has grown up where a steam and electric service 
equaled in few agricultural areas has existed for several 
years, more than twenty such lines entermg the city 
from all points of the compass. 

The use of the motor trucks for delivering livestock 
from the farm to the Indianapolis stockyards began in 
1912 and since that time has increased rapidly. In 
1913, the first vear truck receipts were recorded sep- 
arately; they amounted to 4.55 per cent of the total, 
while in 1923 the truck receipts of hogs, cattle, calves, 
sheep, horses, and mules amounted to 31.7 / per cent of 
the total. 

The Indianapolis stockyards, which are the largest 

east of Chicago, are primarily a hog market. For this 
reason this discussion will be confined to this class of 
livestock. The annual receipts of hogs transported by 


motor truck give an interesting picture of the rapid - 
change w hich has been taking place since 1913. The 
volume of such receipts has become so large in recent 
years that the stockyards company have found it 
necessary to establish a separate division for trucked- 
in stock, known as the truck division, The following 
table gives the official figures for the receipts of hogs 
from 1913 to 1923 as reported by the auditor of ane 
Belt Railroad & Stockyards Co 
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Receipts of hogs, Indianapolis stockyards, 
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TERRITORY SERVED BY TRUCK 


The localities from which hogs are shipped by motor 
truck and distances from market vary somewhat ac- 
cording to road conditions and seasons. The normal 
trucking range is within a 50-mile radius of Indianapo- 
lis. Ninety per cent of the hogs received from this 
area are delivered by motor truck. There are scatter- 
ing shipments from the territory 75 to 100 miles away 
but normally these shipments move by rail. The 
condition of the unimproved roads varies greatly 
with the season of the year. During the late winter 
and early spring months few haulers. will accept 
shipments originating off the State or county roads, but 
during the summer “and fall months livestock trucks 
go anywhere. With the number of miles of good roads 
constantly on the increase in the territory surrounding 
Indianapolis, the trucking radius is being constantly 
pushed back to the economic limit of truck haul on 
improved roads. 

While the prevailing rates favor rail shipment for 
long distances there is another reason why 50 miles is 
about the limit of livestock hauling, that is the competi- 
tion of other stockvards located as shown on the acecom- 
panying map. Stockyards of fairly large proportions 
are located at La Fayette, Terre Haute, and Muncie. 


‘These markets as a rule take up only local stock most 


of which is trucked-in. 


LIVESTOCK SHIPPING RATES 


A satisfactory rate must be one which 1s low enough 
to attraet business in the face of competition and high 
enough to yield a reasonable profit. As the business is 
handled almost entirely by individual truck owners en- 

cagedinsmall scale operation without any central organ- 
ization there has been no attempt to establish uniform 
rates. Usually the rate is agreed upon at the time 
shipment is made, taking into account competitive 
rates, number, and kind of stock, length of haul, and 
condition of roads. The following table shows the 
comparative rail and truck rates for several representa- 
tive shipping points near Indianapolis. 





et 


Truck and rail rates on hogs into Indianapolis 








Rate per hundred pounds 














Shipping point me. Steam railroad | Traction line 
Trick 

Single ‘Double | Single | Double 

deck , deck | deck — deck 

Miles Cents . Cents | Cents | Cents | Cents 

Menville ... . ...... 20 20 14 12 —_ i 
Pranklin..... ......_... 21 20 lau | Oh) - gue... 
Mebanon....... : 27 251 Y18 13 4b 12 
Thorntown. - : 30 30, “1644 1414 1414 12 
Raartinsville.__.. Ser. 30 301 164 141, 1414 12 
OlwIDUS...._ _. Spe. 41 40 18} OG SS 
Crawfordsville __... 5 45 45 18h, 16 rg 14 
Brreenspurg...... ........ . . 4s Be SIR ioa! 16 He ees 
La Fayette__... ee 68 UM Jo ee ee. as 19 Is 


If every farmer had a full carload of hogs to ship at 
one time, railroad or traction lines offer, in practically 
all cases, cheaper rates than the truck haulers. How- 
ever, there are relatively few farmers who have ready 
for market at one time a sufficient number of hogs to 
make up even a minimum carload. Thus the cost per 
head is often higher by rail, especially when one con- 
siders the barnyard to stockyard service which the 
truck furnishes. 

For example, the minimum rate on a single-deck car 
over the traction line from Lebanon to Indianapolis, a 
distance of 27.7 miles, is $24.65 (17,000 pounds mini- 
mum weight at 1414 cents per hundred pounds). In 
addition 1t costs $5 to $8 to hire a truck to haul stock to 
the local shipping point. A truck which hauls 20 head 
of hogs weighing 300 pounds a head, charges 25 cents 
per hundred pounds or $15 for the load. 

In cases of this kind the motor truck offers the 
cheaper transportation and would be chosen by the far- 
mer even were no other advantages offered as is often 
the case. In the above sample rates it is seen that the 
truck rates are approximately proportional to distance 
wlule the steam railroad and traction line rates increase 
at a less rapid rate with added distance. When the 
cost of hauling a truck load of hogs approaches the rate 
for a minimum carload there is an incentive to pool 
shipments and accept the trouble of securing cars, load- 
ing, marking hogs, or erecting partitions to distinguish 
ownership in order to secure a cheaper transportation 
charge. 

Charges for truck hauling are paid directly to the 
truck operator by the commission firm handling the 
consignment, a corresponding deduction being made 
from the the shipper’s check. In this way the hauler is 
always sure of lee money and is not bothered by 
having to make the collection, while the shipper is saved 
the trouble of making payment. 


OWNERSHIP AND OPERATION OF LIVESTOCK TRUCKS 


The trucks engaged in livestock hauling are owned 
and operated by men living in the country or small vil- 
lages in the rural sections. The owner usually makes 
trucking his sole business but in some cases he may 
farm a few acres during spare time. There are no fleet 
organizations operating into the Indianapolis stock- 
yards. Most haulers operate but one truck; now and 
then one runs two or three trucks. There is an increas- 
ing number of farmers who own and operate trucks of 
their own. At the present time there are no coopera- 
tive farmers’ organizations operating trucks. 

To operate successfully a livestock hauler must keep 
his truck in use the greatest possible number of days 


during the year. When there were comparatively few 
trucks operating it was not uncommon for trucks to 
average 300 to 325 trips a year; of late so many have 
entered the business that the average number of trips 
is being rapidly cut down and the profits of operators 
reduced. Pow operators realize that their fixed oper- 
ating costs go on whether their trucks are used or not. 
With competition among haulers increasing yearly 
many haulers have had to look for other sources of 


mcome. 
THE RETURN LOAD 


The return load offers an extra income which in many 
cases may be the margin of profit for the year. There 
are three types of return load carried. First, there are 
the loads of feeder stock which are picked up at the 
yards. This class of return load is very profitable as 
no time is wasted in making up a load and it is un- 
necessary to clean out the body before reloading. 
Second in importance is the hauling of feed, which has 
increased considerably since the Farm Bureau has 
located its warehouse near the stockyards entrance. 
The body of the truck is thoroughly cleaned and washed 
before the feed is loaded. General merchandise is least 
important and least desirable due to the time lost in 
collecting a load, as shipments are, usually small and 
scattered over the city. In order to stimulate the 
return-load movement the rates charged approximate 
one-half of those charged for the trip to the city. 

A central depot where freight could be collected and 
consigned has never been worked out as there is very 
little cooperation between various haulers. Such a 
depot could easily be operated by one man whose duty 
it would be to receive and route the freight consigned 
to the depot and it would be of benefit to all parties 
concerned. 

TYPES OF TRUCKS AND BODIES 

The popular capacities are the 1, 144, and 2-ton 
trucks with very few heavy-duty types in operation. 
These smaller types are better suited to the average 
loads of hogs which are shipped than are the larger 
capacities. The use of trailers rather than large 
trucks seems to be popular with many haulers. 

Solid tires are most generally used. There are, how- 
ever, many haulers operating in the part of the territory 
in which the roads are unimproved who prefer pneu- 
matic tires on account of the advantage during the 
winter and spring months. 

The bodies are the regular platform rack, of which 
the larger types are easily converted into a double-deck 
arrangement. <A few of the large double-decked, 3-ton 
trucks will haul 40 to 50 head on one load. The 
table following gives the carrying capacities of various 
sizes of trucks. 


Number of hogs loaded on trucks of various capacities 


Number of 
head of 200- 


Capacity in tons 
| pound hogs 





ie = 12 
ieee ee eee 18 
Ze a | 
ne 20 
5 os, 5 35 
3 (double-decked) - 40-50 








l A 
Note.—A single-decked railway stock car will load 70 to 80 head while a double- 
decked car loads 140 head (200-pound hogs). 
During the year 1923, 71,000 truck deliveries, 
totaling 934,960 hogs, were made, or an average of 13 
hogs per truck load. 
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TRUCK TRANSPORTATION OFFERS ADVANTAGES TO FARMERS 


Shrinkage in truck shipment does not vary greatly 
from rail shipment when the time element in each 1s 
the same. Hogs which are trucked in usually show 
less loss in weight because they have been in transit a 
shorter time. This does not necessarily mean that the 
farmer will get more for his hogs than those that have 
have been delivered by rail. The difference in weight 
in the two shipments is the difference in ‘‘fill” retained 
by the hogs after shipment. There is no actual dif- 
ference in the | weight of the hogs. _Commis- 
sion men usually know how long shipments have been 
in transit and are in a position to judge how much a 
carcass will dress and in they should pay for it. 

While no definite figures are available as to the num- 
ber of ‘‘deads”’ received by the various means of trans- 
port, yet it is well known among producers and com- 
mission men that there are fewer losses by truck. 
Trucked-in hogs move by night during warm weather, 
whereas rail shipments are often loaded and shipped 
during the heat of the day. According to figures com- 
piled by the United States Department of Agriculture, 
1 out of every 319 hogs shipped by rail dies in transit. 
It is seldom that one sees a dead hog in front of the 
unloading chutes of the truck division. 

Another advantage is that hogs of one shipper are 
seldom mixed with those of another shipper, which 
climinates fighting among strange hogs. While in 
transit the driver is always on hand to prevent smoth- 
ering. He also acts as the representative of the shipper 
at the yards upon arrival of the truck. 





Typical trucks used in hauling hogs to the Indianapolis market 


The average hog raiser who is fattening 50 to 60 
head always finds that some animals fatten more readily 
than others. The truck can be used to ship those hogs 
which are ready for slaughter while the others can be 
held back. To hold the other hogs over this period 
would be economic loss; it is also the extremely fat 
hog that dies in transit. 

Before the advent of good roads and the motor truck 
many raisers who marketed but 20 to 30 head sold to 
a local buyer who assembled car lots and who traded 
on a wide margin. The local buyer not knowing ex- 
actly when he would move his newly acquired stock 
generally paid 75 cents to $1.25 below the market 
price. The raiser had also to deliver the stock to the 
point at which the local buyer planned to assemble the 





















car. This system has entirely changed. The loca 
buyer is at present eliminated within the trucking 
radius and the producer ships directly to the yards 
where his stock is sold at the market price. 

A glance at the am! will show that many farmers 
live within trucking distance of two or more stock- 
yards. The motor truck allows a farmer to take ad 
vantage of whatever yard offers the best price. It is 
not uncommon for the small stockyards of Lafayette. 
Muncie, or Ferre Haute to become oversupplied, while 
at a more distant point, such as Indianapolis, the 
market might be brisk. 


A trailer with a cattle rack body used for hauling a few head of livestock 


-A close study of market prices and tendencies enables 
many farmers within trucking radius to take advantage 
of rises in market prices. The farmer by means of a 
small radio receiving set can catch the market openings 
and still have plenty of time to truck his stock to the 
yards before closing time. Many shippers have found 
it extremely difficult to get cars when the market offers 
the best opportunities. However, if the farmer owns 
a truck or can hire one on short notice, as is generall 
the case within the Indianapolis trucking area, he is 1 
position to take advantage of every opportunity. | 

That trucked-in lots are often more uniform and 
sent forward at the most opportune time so that they 
average a somewhat higher price is shown by the follow- 
ing table which gives the en sales price for hogs 
at the Indianapolis stockyards for the month of March, 
1924: 


Iighest daily sale price for hogs at the Indianapolis market during 
March, 1924 











aa | ; ; 
‘ Delivered ; Delivered |! | Delivered | Delivered 
Date by rail by truck || Date | by rail by truck 

ls. 224 e re $7. 60 S65: || 18cs..._.. eee | $7. 70 $7. 70 
Y, nO rere be Cee 7. 4 7. GO e2. >... eee rerio 7. 75 
4 Aart ea 7.70 1s TOR. 2 eee | Hoi 8 7.418 
15 Sli reorat aes 7. oo 7, Soa ee | 7.85 7.90 
Syste eis 7.% | S00 ieeteee et! 7. 80 7. 90 
(aap ee aig er ee (Quis VPr en) 2774, Ae 7.90 7. 85 
Be ees ee take 1 Bouter Gees. 2 ane aesee 7. 68 7.10 
lO:2. = 5. eee (eh A Gat) eee oe aes 7. 7.71 
econ oe ee 7.S0 7, Boal ee. 2. oe ee. 7. 85 7. fo 
jE hse eee 7.85 TOE 2ae. . oe 1. 1 
ht: 2 ee 7. 70 Taponieee.... ..2 ua eee fe!) 7. 
ARs oe 7. 65 TopNews... ee 1.0 7. 90 
ee oP 7.1 fier) 

i ee... kee 7. 85 (ets Average... 7. 788 7. 784 

| 
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HIGHWAY TRANSPORTATION SURVEYS UNDERWAY IN COOK COUNTY, ILLINOIS, 
AND MAINE, 


WO highway transportation surveys similar in 
) nature and scope to the survey now in progress 
in Pennsylvania (PusBLtic Roaps, June, 1924) 
have recently been started. A State-wide survey in 
Maine conducted by the Bureau of Public Roads in 
cooperation with the State Highway Commission was 
begun on June 30 and will continue for a period of 
four months. Data similar in nature to the informa- 
tion being obtained in Pennsylvania and described in 
the June issue of Pusiic Roaps are being recorded at 
95 observation stations so located as to secure traffic 
data on all important highways in the State. At 20 
stations complete weight information on all motor 
trucks, as well as complete information on all other 
types of traffic, is being recorded, the weight informa- 
tion being obtained by the useof portable scales. At the 
remaining 75 stations complete data, except weights, are 
being recorded on all types of traffic. Data at all sta- 
tions are being recorded in such a manner that weights 
secured at the weighing stations can be imputed to 
traffic at stations which have no weighing facilities. 
Observations are recorded by personnel specially 
trained for the purpose and organized into parties, 
each having a certain number of stations to operate. 
The schedules of these parties are so aatioed. as to 
obtain complete information on each station at all 
hours of the day and night and on each day of the 
week. Two parties are organized to operate the 
weight stations, five parties to operate recording sta- 
tions (stations that if not have weighing facilities) 
and two parties to operate selected stations during 
the night hours. 








problem from all available sources. 


At 17 of the stations in Cook County complete 
weight information is being recorded on all motor 
trucks, weights being obtained by the use of portable 
scales and complete data on all other types of traffic. 
At the remaining 56 stations complete data with the 
exception of weight information are being recorded on 
all types of vehicles. Information is recorded in such 
a manner that weights obtained at weighing stations 
can be imputed to the traffic observed at recording 
stations. At the stations located within the city of 
Chicago the density of various types of traffic is being 
recorded. 

Approximately 30 men divided into nine parties are 
employed in recording data. Two parties = been 
organized to operate the 17 weight stations, four par- 
ties to operate 56 recording stations, one party to 
operate the stations located within the city of Chicago, 
and two parties to operate selected stations during the 
night hours. The schedule of these parties is so ar- 
ranged as to obtain complete records of traffic at each 
station at all hours of the day and night and on each 
day of the week. 

Investigations are also being made of the effect of 
traffic density upon the speed of traffic; of the effect of 
curves, railway crossings, and highway intersections 
upon traffic congestion; and of the effect of traffic 
density upon the point of application of wheel loads 
with reference to the edge of the pavement and the 
shoulders of the roadway. 

A special investigation of motor trucking in the 
Chicago area is also being conducted. This investiga- 
tion will include a study of the extent and nature of 
motor trucking in this area, the organization and oper- 
ating methods of trucking companies, trucking rates, 
operating costs, the use of motor trucks in terminal 
areas, suburban and intercity transportation of freight 
by motor truck, the nature and extent of competition 
between highway transportation and rail and water 
transportation of freight and passengers, and of mar- 
keting by motor truck. This study 1s being made by 
special investigators who will interview truckers and 
shippers throughout the area and gather data on this 








C. A. HOGENTOGLER TO SERVE WITH ADVISORY 
BOARD ON HIGHWAY RESEARCH 

C. A. Hogentogler, of the United States Bureau of 
Public Roads, has been granted leave of absence in order 
to conduct for the Advisory Board on Highway Research 
of the National Research Council a fact-finding survey 
of the economic value of reinforcement in concrete 
pavements. ‘This survey is to be national in scope, and 
will be conducted in cooperation with interested agencies. 
It is proposed to cover the various soils, traffic, and 
climatic conditions throughout the United States. 

Mr. Hogentogler has had 15 years of experience in 
highway construction and highway research which well 
qualifies him to take charge of the present investigation. 
After graduation from the Pennsylvania State College, 
and a short period with the Pennsylvania Steel Co., he 
was with the Pennsylvania State Highway Department, 
followed by several years on street and road construc- 
tion with the borough of Columbia, Pa. For two years 
he was assistant professor of civil engineering at the 
University of Idaho. He was then engaged in research 
with the United States Bureau of Standards, and finally 





ith the United States Bureau of Public Roads, in 
which organization he has been for the past six years. 

During this period Mr. Hogentogler has been actively 
engaged in a number of important highway researches. 
These include the first impact and wear tests at the 
Arlington experiment station and the tests to determine 
the cushioning properties of tires now being conducted 
by the United States Bureau of Public Roads in co- 
operation with the Rubber Association of America and 
the Society of Automotive Engineers. In 1923 Mr. 
Hogentogler, as representative of the Bureau of Public 
Roads, conducted the study made in cooperation with 
the Advisory Board on Highway Research which resulted 
in the publication by the National Research Council of 
its Bulletin No. 35, entitled ‘““Apparatus Used in High- 
way Research Projects in the United States.” 

Mr. Hogentogler is the author of a number of im- 
portant research papers which have appeared in PuBLIc 
Roaps and which have been reprinted in various tech- 
nical periodicals. He is a member of the American 
Concrete Institute and an associate member of the 
American Socicty of Civil Engineers. 





ROAD MATERIAL TESTS AND INSPECTION NEWS 





CONCRETE TEST ROAD IN PENNSYLVANIA 


The Pennsylvania State highway department and 
the United States Bureau of Public Roads are coop- 
erating in the construction of a concrete test road lo- 
cated on State Route No. 50 in the vicinity of Harris- 
burg, Pa. The project selected is approximately 1,700 
fect in length and its site is on a silty loam soil through 
swampy land. 

The purposes of the test road are as follows: 

1. To determine the action of a concrete pavement 
with a 5-inch center thickness and 8-inch edge thick- 
ness (8-5-8 section) under a 26,000-pound gross load. 

2. To determine the influence of subgrade material 
on the strength of the pavement. 

3. To obtain further data on balancing the cross- 
section design. 

4. To determine the effectiveness of the tongue-and- 
eroove type of longitudinal joint. 

Six different types of subgrades have been prepared. 
They are as follows: Old macadam road searified and 
rerolled, sandy loam, shale, clay, clay overlaid with 
4 inches of sand-clay mixture and clay overlaid with 4 
inches of ecinder-clay mixture. 

Conerete construction is being carried out in the 
usual manner, and at approximately the center of each 
subgrade section a transverse expansion joint is being 
provided. Adjacent to this expansion Joint and on one 
side of the longitudinal joint over a length of 20 feet, 
inserts are being placed in the slab in such a manner 
that strain gauge readings may subsequently be ob- 
tained both for the top and bottom of dite slab. 

Control specimens, consisting of beams and cylinders, 
representative of the particular portion of the pave- 
ment in which the strain gages are to be installed are 
being made. These specimens are to be tested and 
broken at the ages of 15 days, 28 days, 6 months, and 
one year, for the determination of the modulus of 
elasticity, the modulus of rupture and the compressive 
strength of the concrete. 

The pavement when completed will be subjected to 
heavy truck loads up to 26,000 pounds gross. Stress 
readings will be obtamed with the truck run near the 
edge and at the center of the road. The truck will be 
run during the summer and during the time of the 
spring thaw. Field determinations of subgrade mois- 
ture and bearing value of the soil will be made on the 
days stress readings are obtained. 

From the results of the above tests it 1s hoped that 
answers will be supphed to the followimg questions: 

1, Is an 8-5-S section adequate for oecasional 26,000- 
pound trathe ¢ 


| 


2. What influence has the subgrade on the strength 
of the slab ? | 

3. Will a 4-inch layer of good material improve the 
strength of a concrete road when laid on a poor sub- 
grade material ? 

4. Is an 8~5-8 section a balanced design or should 
the center and edge thicknesses be adjusted ? 

5. How much of the load does the tongue-and-groove 
type of longitudinal joint transmit from one side of the 
slab to the other? 

6. If an 8-5-8 section is not safe under a 26,000- 
pound load, what is the safe load under spring condi- 
tions and under ordinary conditions? 


COMMITTEE ON TESTS AND INVESTIGATIONS, A. A. S.H. O., MEETS 
AT BUREAU OF PUBLIC ROADS 


A meeting of the Committee on Tests and Investi- 
gations of the American Association of State Highway 
Officials was held at the Bureau of Public Roads on 
June 23 and 24, 1924. The following States were 
represented at the meeting: 


Delaware, Robert Schmidt, testing engineer. 

Florida, Harvey A. Hall (represented by R. L. Jenkins). 

Iilinois, H. F. Clemmer, engineer of materials. 

Iowa, R. W. Crum, engineer of materials and tests. 

Kansas, C. H. Scholer, engineer of tests, Mr. Dolly. 

Maryland, Dean A. N. Johnson. 

New Hampshire, W. IF. Purrington, chemist and testing 
engineer. 

New Jersey, R. B. Gage, chemical engineer; J. G. Bragg, 
testing engineer; Mr. Baughmann., 

North Carolina, R. L. Oberholzer. 

New York, J. E. Myers, chemist; W. L. Blaum, repre- 
senting Mr. Treadwell. 

Ohio, A. S. Rea, engineer of tests. 

Pennsvlvania, H. 8. Mattimore, engineer of materials; 
M. H. Ulman, assistant eagineer of materials. 

Tennessee, O. H. Hansard, chemical engineer. 

Virginia, Shreve Clark, assistant engineer. 

West Virginia, R. B. Dayton, materials engineer. 


The Bureau of Public Roads was represented on the 
committee by Messrs. Smith, Milburn, Anderton, and 
Jackson. 

The committee discussed and prepared tentative 
specifications for various types of bituminous and non- 
bituminous road materials. Among the materials con- 
sidered were cement, stone, gravel and slag, sand as 
fine aggregate, remforcing steel, culvert pipe, wire rope, 
asphalt, tars, bituminous premolded joints, and paint. 
After specifications for these materials have been finally 
adopted by the committee it is planned to present 
them to the American Association of State Highway 
Officials through its committee on standards for final 
action. 
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ROAD PUBLICATIONS OF BUREAU OF PUBLIC ROADS 


Applicants are urgently requested to ask only for those publications in which they are 
particularly interested. The Department can not undertake to supply complete sets 
nor to send free more than one copy of any publication to any one person. The editions 
of some of the publications are necessarily limited, and when the Department’s free supply 
is exhausted and no funds are available for procuring additional copies, applicants are 
referred to the Superintendent of Documents, Government Printing Office, this city, who 
has them for sale at a nominal price, under the law of January 12, 1895. Those publica- 
tions in this list, the Department supply of which is exhausted, can only be secured by 
purchase from the Superintendent of Documents, who is not authorized to furnish pub- 
lications free. 


REPORTS 


Report of the Director of the Bureau of Public Roads for 1918. 
Report of the Chief of the Bureau of Public Roads for 1919. 
Report of the Chief of the Bureau of Public Roads for 1920. 
Report of the Chief of the Bureau of Public Roads for 1921. 
*Report of the Chief of the Bureau of Public Roads for 1922. 5c. 
*Report of the Chief of the Bureau of Public Roads for 1923. 5c. 


DEPARTMENT BULLETINS 


No. 105. Progress Report of Experiments in Dust Prevention 
and Road Preservation, 1913. 
*136. Highway Bonds. 20c. 
220. Road Models. 
257. Progress Report of Experiments in Dust Prevention 
and Road Preservation, 1914. 
*314. Methods for the Examination of Bituminous Road 
Materials. 10c. 
*347. Methods for the Determination of the Physical 
Properties of Road-Building Rock. 10c. 
*370. The Results of Physical Tests of Road-Building Rock. 
15c. 
386. Public Road Mileage and Revenues in the Middle 
Atlantic States, 1914. 
387. Public Road Mileage and Revenues in the Southern 
States, 1914. 
388. Public Road Mileage and Revenues in the New 
England States, 1914. 
*389. Public Road Mileage and Revenues in the Central, 
Mountain, and Pacific States, 1914. 15c. 
390. Public Road Mileage in the United States, 1914. A 
Summary. 
*393. Economic Surveys of County Highway Improvement. 
BOC. 
407. Progress Reports of Experiments in Dust Prevention 
and Road Preservation, 1915. 
*463. Earth, Sand-Clay, and Gravel Roads. 15c. 
*532. The Expansion and Contraction of Concrete ana 
Concrete Roads. 10ce. 
*537. The Results of Physical Tests of Road-Building Rock 
in 1916, Including all Compression Tests. 5c. 
*555. Standard Forms for Specifications, Tests, Reports, 
and Methods of Sampling for Road Materials. 10c. 
*583. Reports on Experimental Convict Road Camp, Fulton 
County, Ga. 265c. 
*586. Progress Reports of Experiments in Dust Prevention 
and Road Preservation, 1916. 10c. 
*660. Highway Cost Keeping. 10c. 
670. The Results of Physical Tests of Road-Building Rock 
in 1916 and 1917. 
*691. Typical Specifications for Bituminous Road Materials. 
15c. 
*704. Typical Specifications for Nonbituminous Road Ma- 
terials. 5c. 
*724. Drainage Methods and Foundations for County 


Roads. 20c. 











*Department supply exhausted. 


No.*1077. Portland Cement Concrete Roads. 15c. 
*1132. The Results of Physical Tests of Road-Building Rock 
from 1916 to 1921, Inclusive. 10c. 
1216. Tentative Standard Methods of Sampling and Test- 
ing Highway Materials. 


DEPARTMENT CIRCULAR 
No. 94. TNT as a Blasting Explosive. 


FARMERS’ BULLETINS 
No. *338. Macadam Roads. _ 5c. 


*505. Benefits of Improved Roads. _ 5e. 
*597. The Road Drag. 5c. 


SEPARATE REPRINTS FROM THE YEARBOOK 


No.*727. Design of Public Roads. 5c. 
*739. Federal Aid to Highways, 1917. 5c. 
*849. Roads. 5c. 


OFFICE OF PUBLIC ROADS BULLETIN 
No. *45. Data for Use in Designing Culverts and Short-span 
Bridges. (1918.) 15c. 


OFFICE OF THE SECRETARY CIRCULARS 


No. 49. Motor Vehicle Registrations and Revenues, 1914. 
59. Automobile Registrations, Licenses, and Revenues in 
the United States, 1915. 
63. State Highway Mileage and Expenditures to January 
1, 1916. 
Width of Wagon Tires Recommended for Loads of 
Varying Magnitude on Earth and Gravel Roads. 5c. 
73. Automobile Registrations, Licenses, and Revenues in 
the United States, 1916. 
74. State Highway Mileage and Expenditures for the Cal- 
endar Year 1916. 
Rules and Regulations of the Secretary of Agriculture 
for Carrying out the Federal Highway Act and 
Amendments Thereto. 


Ht Gop 


161. 


REPRINTS FROM THE JOURNAL OF AGRICULTURAL 
RESEARCH 


Vol. 5, No. 17, D- 2. Effect of Controllable Variables Upon 
the Penetration Test for Asphalts and 
Asphalt Cements. 

Vol. 5, No. 19, D- 3. Relation Between Properties of Hard- 
ness and Toughness of Road-Building 
Rock. 

Vol. 5, No. 20, D- 4. Apparatus for Measuring the Wear of 
Concrete Roads. 

Vol. 5, No. 24, D- 6. A New Penetration Needle for Use in 
Testing Bituminous Materials. 

Vol. 10, No. 7, D-13. Toughness of Bituminous Aggregates. 

Vol. 11, No. 10, D-15. Tests of a Large-Sized Reinforced-Con- 


crete Slab Subjected to Eccentric Con- 
centrated Loads. 
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